Objective To demonstrate the correlation of six healthy habits with plasma glucose.
Introduction
Impaired fasting glucose is one of a number of common metabolic syndromes; such as hypertension and hyperlipidemia (1, 2) , with serious health consequences, for example, atherosclerosis has been observed even in the early stages of impaired fasting glucose (3). Lifestyle has a major influence on the development and progression of impaired fasting glucose (4) .
As a health promotion initiative in this area, we devised the motto 'ichi-mu, ni-shou and san-ta' (5), the English translation of which is "none of one, less of two, more of three". The 'one' behavior is smoking. The 'two' behaviors are intake of food and alcohol. The 'three' behaviors are exercise, rest and enjoyable pursuits. The significance of the last named is that adequate rest and participation in enjoyable hobbies or activities with family and friends are effective ways of reducing stress. We have already reported the effectiveness of this slogan in preventing obesity (6) . Body mass index and waist circumference in a suboptimal group (practicing less than four health habits) were significantly higher than in an optimal group (practicing five or six health habits). There have been few reports examining the relationship between overall lifestyle and fasting plasma glucose. In the present study, we conducted a survey of subjects' compliance with the motto "none of one, less of two, more of three" and the presence of fasting plasma glucose, to determine the relationship of following the motto's recommendations with prevention of this condition of impaired fasting glucose.
Subjects and Methods
The subjects were 8,113 Japanese patients (5,659 males, mean age 48.9±10.9 years and 2,454 females, mean age 45.2±11.2 years) who presented for a medical check-up from January to December, 2003 at the Health Science Center of Jikei University. Patients under medication were excluded.
A questionnaire was used to record the participants' degree of compliance with the 6 prescribed health habits. The survey items were: <1> non-smoker (no cigarettes at present), <2> moderate food intake (no excessive eating), <3> moderate alcohol intake (less than 150 grams of alcohol per week), <4> adequate exercise (regular exercise at least once a week), <5> adequate rest (at least 6 days off from work per month), and <6> adequate enjoyable activities (participation in a hobby or activity other than work). Alcohol intake in grams per week was calculated from the kind of alcoholic drink and the number of drinks per week. Each item required only a "yes" (coded 1) or "no" (coded 0) response, with re-sponses indicating a healthy habit, for example 'no smoking', coded as 1. Thus the higher the score the healthier the person's lifestyle.
Fasting plasma glucose (FPG) was used as the index of impaired fasting glucose, with an FPG of 6.1 mmol/l (110 mg/dl) and over defined as impaired fasting glucose tolerance. Blood samples to evaluate FPG were obtained from all subjects.
Statistical Analysis
Data were expressed as means±SD. The differences in mean values were assessed using the t-test. The Scheffe method was used as a multiple comparison procedure. Seven subjects, who practiced none of the six healthy habits, were discarded from the analysis because they formed too small a statistical category. A stepwise forward multiple regression analysis, with inclusion set at F >4.0, was used to assess the correlation of FPG with age and with the 6 healthy habits. Data analysis was performed using the Stat View 5.0 software program (Albacus Concepts, Cary, NC).
Results
The recorded number of each health habit practiced, and the percentage of subjects practicing it, is shown in Table 1 . The percentage of subjects who exercised at least once a week (36%) was much lower than compliance with the other 5 habits. Table 2 shows the FPG levels associated with each health habit. FPG in subjects with moderate food intake or alcohol intake of less than 150 g per week (Coded 1) was significantly lower than those who ate and drank excessively (Coded 0). Table 3 shows the association of number of healthy habits practiced (score) with FPG level, and with the rates of FPG 6.1 mmol/l. Fewer healthy habits was significantly associated with elevated FPG, and the prevalence of impaired fasting glucose decreased with healthy habits score.
The ages and health habits with maximal correlations with FPG were identified using a stepwise forward multipleregression analysis (Table 4) . It can be seen that aging was most strongly associated with an elevated FPG. Lower intake of food and alcohol, and more exercise, were associated with a significantly lower FPG.
Discussion
This study analyzed the associations between the 6 healthy habits of our motto and FPG.
None of one
There was no difference in FPG between smoker and nonsmoker participants (Table 2) . Prospective epidemiologic studies have indicated that smoking is a risk factor for noninsulin-dependent diabetes mellitus. Feskens and Kromhout (7) reported a 3.3 times higher risk of NIDDM among Dutch men who smoked 20 or more cigarettes per day than among never smokers. Rimm et al (8, 9) found a 1.4-1.9 times higher risk among those who smoked 25 or more cigarettes per day. These findings are consistent with those from laboratory studies which have suggested that smoking causes increased insulin resistance in peripheral tissues (10, 11) , and increased levels of glycosylated hemoglobin (12) . Other epidemiologic studies have, however, like the present one, failed to show the effects of smoking on the incidence of diabetes (13, 14) . On balance, and given the adverse effects of smoking on other aspects of health, it seems reasonable to retain this component of the motto.
Less of two
Lower food and alcohol intake were associated with reduced FPG (Tables 2 and 4) . The strongest predisposing factor for non-insulin-dependent diabetes mellitus (NIDDM) is obesity, which develops mainly by overeating (15) . In diabetes mellitus, diet is usually described as the "cornerstone" of management. Reducing total intake of energies can have particularly strong positive effects for obese patients.
Alcohol contains 7 kcal/g. The association between alcohol consumption and risk of diabetes is not clear from existing data, which indicates both positive (16) and inverse associations in females (17) . Heavy alcohol consumption clearly alters metabolism and causes hepatic damage, which can lead to diabetes and increased mortality (18, 19) . In diabetes mellitus, alcohol intake should not exceed 30 g per day in men and 20 g per day in women (20) . In the present study, subjects who drank less than 150 grams of alcohol of per week showed a significantly lower FPG than those who drank over 150 grams. Reduction of alcohol intake appears to be important in preventing the onset of diabetes mellitus.
More of three
Along with proper diet and weight reduction, exercise is advocated for the management of NIDDM, but whether physical activity is effective in preventing NIDDM is unknown (21). Torjesen et al (22) looked at whether lifestyle changes could reverse the development of hyperinsulinemia and its accompanying metabolic disturbances. Changed diet together with exercise led to significantly decreased insulin resistance, but exercise alone did not significantly change insulin resistance. In the stepwise forward multiple regression analysis of the present study, exercise reduced FPG, but showed the weakest relationship of the investigated lifesytle factors. Light exercise, such as only once a week, which was scored 1 in the present study, may be too little to affect insulin resistance (Table 4) .
Possible indices of rest are breaks, sleep and holidays. We used day off work per month as the index of rest in the present study. FPG was elevated in association with at least 6 days off from work per month, that is, with more rest, as shown in Table 4 . The manner of resting may affect FPG, but the reason for this unexpected outcome is unclear. It is possible that working was associated with more exercise, which becomes an intervening variable for this result. There is no prior work on the association of rest with FPG, nor on its relationship with the development of diabetes mellitus.
Similarly, there is no prior work on the relationship of the participation in enjoyable activities and FPG. Participation in enjoyable activities is assumed to reduce stress. Amongst the various forms of stress, oxidative stress plays a pivotal role in disease progression through free radical generation, and may lead to various metabolic disorders such as NIDDM, cardiovascular disease, hypertension obesity and stroke (23) . However, Wahid et al (24) found that the level of random serum glucose in patients exhibiting stress hyperglycemia did not predict the future development of diabetes mellitus. Given an absence of prior evidence, it is significant that in our study FPG was lower in subjects with positive scores on these 'more of three' items, as shown in Table 3 . These habits may compositely play a role in preventing insulin resistance.
The stepwise multiple regression on age and the 6 healthy habits showed increased age as the most significant factor associated with higher FPG levels. It is well established that insulin resistance develops with age (25) .
The primary limitation of this study is its cross-sectional design, which did not permit us to demonstrate a time sequence between lifestyle factors and diabetes mellitus itself as outcome. Overall, it can be concluded that the mnemonic "none of one, less of two, more of three", which is easy to remember, is a useful motto for health promotion with a view to the prevention of impaired fasting glucose.
